Shale gas production has been successful developed over the past several years. The horizontal well with multistage hydraulic fracturing has proven to be an effective operation of development these unconventional reservoirs. Most of modeling effort has been made for earlier liner flow. A simple analytical model for long-term shale gas production evaluation is still lacking. This work fill this gap. A simple and accurate mathematical model are developed which considering linear flow in both shale matrix and fracture. It can describe the longterm shale gas production with pseudo steady state flow. The model is verified against a Fayetteville field case data. The difference between the production rate given by the model and measured data was found to be less than 10%. The effect of fracture geometry parameter on long-term production rate are also investigated. The results show the fracture spacing and fracture length is the most dominant factors on thelong-term shale gas production performance.This model provides reservoir engineers a simple and accurate tool for predicting, evaluating and optimizing the long-term performance of shale gas wells.
I. INTRODUCTION
The combination of horizontal drilling and multistagehydraulic fracturing technology has made possible the current gas production from shale gas reservoirsin the United States, as well as the global fast growinginvestment in shale gas exploration and development. Shale-gas reservoirs are organic-rich formations, varying fromone shale formation to another, even within the formation itself,and they serve as both reservoir and source rock. Gas in the shaleis mainly composed of free gas in natural fractures and matrixpore structure and adsorbed gas on the surface of shale matrix andin organic materials. The uncertainties of reservoir and fractureparameters have significant effect on shalegas production.
There have been a significant number of attempts in recent years to evaluate numerically the well performance for earlier-time transient flow in unconventional gas reservoirs (Britt and Smith 2009; Fan et al. 2010; Cipolla et al. 2010; Du et al. 2009; Li et al. 2011; Dahaghi and Mohaghegh. 2011; Novlesky et al. 2011; Yu et al. 2014; Mattar et al. 2008; Freeman et al. 2009 ). However, to the best of our knowledge, few of analytical or semi-analytical models consider long-term pseudo steady state flow shale gas production ( Fig. 1) . Raghavan (1993) developed an analytical model to evaluate the well production ofhorizontal wells with multiple fractures. But the flow in the fractures was not considered. Guo and Schechter (1997) presented an analytical model coupling reservoir linear flow and fracture linear flow. But that model only considersa single fracture cases. Yuan and Zhou (2010) proposed a simple model to predict inflow performance in fractured horizontal wells which is applicable for both fractured wells and non-fractured wells. But it only valid for steady state flow condition. Vargas et al (2015) extended Guo's model to predict transient pressure behavior with variable flow-rate. This paper presents a simple model for predicting gas production of multi-fractured horizontal wells at pseudo steady state condition. It provides reservoir engineers a simple and accurate tool for predicting, evaluating and optimizing the long-term performance of shale gas wells. A good agreement was observed between the actual production rate and predicted one for Fayetteville shale well. The effect of fracture geometry parameter on gas production has been analyzed. 
Model Development
The analytical model considering liner flow in the fracture and matrix.Several assumptions are stated as follows: 1) The wellbore-flow modeling and fracture skin is not included in this paper 2) The shale reservoir is homogeneous and isotropic with uniform thickness and constant porosity.
3) Fracture are identical and fully penetrate the reservoir thickness. 4) Gravity effect is negligible. 5) Single phase gas flow is considered. The analytical solution of well inflow equation for pseudo steady state flow can be expressed as follows: 
Where Q g is the gas production rate, Mscf/d; n f is the number of fracture, dimensionless; k m is the matrix permeability, md; h is the pay zone thickness, ft;
p is the average formation pressure in psia. p w is wellbore pressure, psia; is gas viscosity.T is the formation temperature, R; S f is fracture spacing, ft;x f is the fracture half length.
Methodology Verification
A field cases (Song. 2011) were performed to verify the accuracy and applicability of the proposed analytical model. The basic model parameters for all cases are summarized in Table  1 .Song (2011) presented a rate-normalized pressure (RNP) method to quantify the flow region, shale permeability, average half-length and effective stimulated reservoir volume (SRV) based on www.ijera.com ISSN : 2248-9622, Vol. 7, Issue 6, ( Part -6) Based on the well RNP figure (Fig. 2above) , a unit slop indicates a pseudo steady state flow period occurs at about 1.7-1.8 years. By using RNP analysis, the fracture half-length is64ft, Matrix permeability is 2.2e-4 md, effective SRV is 7.6e6 ft 3 . The final bottom hole pressure is measured about 150 psi. The gas viscosity can be calculated based on average reservoir pressure (150+1050)/2=600 psia. Based on Guo'sCarr-Kobayashi-Burrows correlation program (2017), the gas viscosity of 0.01159cp can be calculated at 125 ℉ and 600 psia. Based on mass balanced rule, the average reservoir pressure can be estimated by:
(1 / ) / ( / ) (1 0.48 / 1.78)(1050 / 0.86) 890
Based on Hall-Yarborough correction (Guo. 2017), the average pressure can be calculated in 765 psi.The theoretical fracture permeability can be estimated using cubic law (Kim and Moridis, 2015):
Where, C is the correction factor considering fracture roughness, 0.14 used in this paper. Assuming the fracture width is 0.05 inch. All of parameters are summarized in Table. 1. Substituting these data into Eqs. 1-2 yields the gas production rate of 46.15 Mscf/day. As shown in Fig. 2 , thediscrepancy between predicted value (66.01) and measured value (60-70) is within 10%. 
Sensitivity Study
For hydraulic fracture operation, the fracture permeability is dependent on fracture width (Eq. 5) and the number of fractures is dependent on fracture spacing. Thus, three key operational parameters were selected as design variables in this study: fracture spacing, S f , fracture width, w, and fracture halflength, x f . The RSM (response surface method) optimization method are used in evaluating the effect of operational these parameters on shale gas production. The RSM design variables and test run can be set up as in Table 2 and The response surface diagrams and sensitive analysis are presented in Figs. 3-5. The gas production rate increase with increase of fracture width and fracture half length, but increase with decrease of fracture spacing. Based on calculated sensitivities of design variables, the fracture spacing has the most dominant effect on productivity, followed by the fracture half length. The effect of fracture width (as well as fracture permeability in Eq. 5) on gas production is negligible. Table. 1. L t and L2 depend on and vary with design parameters α, β and R. Fig. 6 presents the effect of fracture spacing of gas production. It shows a denser fracture distribution will drastically increase the gas production (nearly 800% in this case). Therefore, increasing the number of fracture as well as the density of fracture is an effective way to maximize the gas production rate. Fig. 7 shows the effect of fracture half-length on the gas production. A 400% production improvement can be achieved by increasing the fracture length, which implies creating a longer fracture by pumping a large volume of fluid is also a viable approach to improve the gas production. Fig. 8 shows the effect of fracture width (as well as fracture permeability) on gas production. Only 50% production improvement can be obtained by increasing the fracture width. Thus, there is no need to increase the investment on increasing the fracture width, like more powerful pump for fast pumping operation. Thus, the same results of single variable analysis are obtained against the RSM results. 
II. CONCLUSIONS
Based on rigorous derivation, a simple and accurate model has been developed for estimating the longterm shale gas production. Several conclusions can be drawn accordingly:
 Case studies on a Fayetteville shale gas well indicates the difference between the production rates given by the model and field data are less than 10%. The proposed is accurate enough for engineering application.

Based on the sensitivity analysis of fracturing controlling factors, the fracture spacing has the most dominant effect on shale gas production rate, followed by the fracture half length.But the effect of fracture width on gas production is negligible. Thus, increasing the number of fracture and the volume of fracturing fluid are the effective ways in improving the production.
This model provides reservoir engineers a simple and accurate tool for predicting, evaluating and optimizing the long-term performance of shale gas wells.
III. ACKNOWLEDGMENTS
The authors would like to express their appreciation to Dr. BoyunGuo (University of Louisiana at Lafayette) and Department of Petroleum Engineering (University of Louisiana at Lafayette) for their support of this work.
Nomenclature
c t = total compressibility, ft h = pay zone thickness, ft k m = matrix permeability, md k f = fracture permeability, md n f = number of fractures p w = bottom hole pressure, psi p = reservoir average pressure, psi S f = fracture spacing, ft T = formation temperature, R x f = fracture half length, ft w = fracture width, inch  = porosity, inch = fluid viscosity, cp Q g = shale gas production rate, Mscf/D For pseudo steady state flow, the pressure change is a constant. A simple mass balance relation can be
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